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Introduction: 
Various organic matters have been found in 
carbonaceous chondrites, in which water-soluble 
bio-related organic compounds such as amino acids 
and carboxylic acids are fully identified mainly 
because of their great interests to origins of life in the 
universe and standards available for analyses. The 
concentrations of these acids increase significantly 
after acid hydrolysis of the water extract. The 
chemical structures of the precursors, however, 
remain unclear. Aqueous activity on the parent body 
could affect the alteration of meteoritic organic 
matter [1]. In contrast to the water extract, less polar 
methanol extract of chondrites has not been 
characterized well in spite of relatively high content 
of organic matter with the D- and 15N enrichment. 
Recently, ultrahigh-resolution molecular analysis on 
various solvent extracts of the Murchison meteorite 
(CM2) was performed by electrosplay ionization 
(ESI) Fourier transform ion cyclotron resonance/ 
mass spectrometry (FTICR/MS) to reveal significant 
chemical diversity to tens of thousands of different 
molecular compositions having CHO, CHOS, CHNO 
and CHNOS formulae [2]. With the assumption for 
molecular formulae calculation and no 
chromatographic separation, however, chemical 
structures of the compounds and their isotopic 
compositions cannot be determined.  In this study, 
we performed a preliminary analysis of soluble 
organic compounds in the Murchison meteorite by 
high-performance liquid chromatography-mass 
spectrometry (HPLC-MS). 
 
Sample and analytical methods: 
The Murchison powder was sequentially 
extracted with hexane (Hex), dichloromethane 
(DCM), methanol (MeOH) and water by sonication, 
followed by hot water in a closed condition. After 
evaporation of solvent, each extract was analyzed 
using an elemental analyzer (or pyrolysis)-isotope 
ratio mass spectrometer (EA- or Pyrolysis-IRMS) to 
determine the CHNO concentrations and their stable 
isotopic compositions (δ13C, δD, δ15N and δ18O). 
Each extract was also analyzed by HPLC-MS 
(Shimadzu LCMS-8030, Shimadzu LCMS-IT-TOF 
and ThermoScientific LTQ Orbitrap XL) to identify 
compound structures with several LC stationary 
phases including reverse mode (ODS and phenyl) as 
well as hydrophilic interaction chromatography 
(HILIC) mode (diol and amide).  
 
Results and Discussion: 
The carbon concentration and δ13C value 
(relative to PDB) of each fraction are following: Hot 
water extract (927ppm, 5.4‰) > MeOH extract 
(304ppm, 5.8‰) > Water extract (169ppm, -0.4‰) > 
DCM extract (141ppm, 0.0‰) > Hex extract (28ppm, 
-10.0‰), suggesting that most carbon consist of 
polar organic components soluble in water and 
MeOH with 13C-enrichment. In addition, the DCM 
and MeOH extracts are more enriched in D (+665 to 
+680‰ vs. SMOW) and 15N (+50 to +98‰ vs. Air) 
relative to the water extract, which is the similar 
isotope signature as reported by Krishnamurthy et al 
(1992). Considering from the heavy-isotope 
distribution, the MeOH extract may be a main carrier 
of more primitive organic compounds than the other 
extracts. 
A relatively good separation and MS intensity 
with the ESI was obtained using a HILIC amide 
column with an acetonitrile/ammonium formate 
buffer. Two homologues of N-containing compounds 
were dominant in positive ions from m/z 100 to 350 
(Fig. 1) in the MeOH and DCM extracts. Currently, 
these compound series are assigned as CnH2n-4N and 
CnH2n-4N, which could be produced by aldehydes and 
NH3. No oxygen was incorporated into these 
homologues compounds, suggesting a minimum 
aqueous alteration on the meteorite parent body. 
Further compound identification and simulation 
experiments are needed for the better understanding 
of formation mechanisms and alteration history of 
primitive organic compounds in molecular clouds 
and primitive solar nebulae. 
 
 
Fig. 1 High-resolution mass spectrum of dominant 
organic compounds in the MeOH extract of the 
Murchison meteorite. 
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